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[Title of Document] Specification 

[Title of the Invention] Semiconductor Device and its 
Manufacturing Method 
[Scope of Claims for a Patent] 
[Claim 1] 

A manufacturing method of a semiconductor 
device, comprising the steps of: 

malcing a device using nitride II I -V compound 
semiconductors on one major surface of a single-crystal 
substrate made of a material different from nitride 
II I -V compound semiconductors; 

thinning said single-crystal substrate by 
processing the other major surface of said single- 
crystal substrate by lapping using an abrasive liquid 
containing an abrasive material of diamond abrasive 
grains and reducing the grain size of said abrasive 
material in plural steps; and 

removing a strained layer produced on said 
other major surface of said single-crystal substrate 
during said lapping by etching said other major surface 
of said single-crystal substrate after lapping by using 
an etchant containing phosphoric acid or phosphoric 
acid and sulfuric acid as its major component and 
heated to 150 through 450 °C. 
[Claim 2] 

The manufacturing method of a semiconductor 
device according to claim 1 wherein said single-crystal 



substrate is thinned to a thickness not larger than 100 
[Claim 3] 

The manufacturing method of a semiconductor 
device according to claim 1 wherein the surface of said 
device made on said one major surface of said single- 
crystal substrate is covered by a protective film 
having a resistance to said etchant before said other 
major surface of said single-crystal substrate is 
etched. 

[Claim 4] 

The manufacturing method of a semiconductor 
device according to claim 3 wherein said protective 
film is a silicon oxide film, silicon nitride film or 
polyimide film. 
[Claim 5] 

The manufacturing method of a semiconductor 
device according to claim 1 wherein said other major 
surface of said single-crystal substrate is etched by 
immersing only said other major surface of said single- 
crystal substrate into said etchant . 
[Claim 6] 

The manufacturing method of a semiconductor 
device according to claim 1 wherein said single-crystal 
substrate is a sapphire substrate, spinel substrate, 
perovskite yttrium aluminate substrate or SiC 
substrate. 



[Claim 7] 

A semiconductor device having a single - 
crystal substrate made of a material different from 
nitride III-V compound semiconductors, and 

a device made on one major surface of said 
single-crystal substrate by using nitride III-V 
compound semiconductors, comprising: 

electrical connection to said device being 
made through a via hole formed in said single-crystal 
substrate . 

[Claim 8] 

The semiconductor device according to claim 7 
wherein said single-crystal substrate is a sapphire 
substrate, spinel substrate, perovskite yttrium 
aluminate substrate or SiC substrate. 
[Claim 9] 

A manufacturing method of a semiconductor 
device having a single-crystal substrate made of a 
material different from nitride III-V compound 
semiconductors and 

a device made on one major surface of said 
single-crystal substrate by using III-V compound 
semiconductors , in which 

electrical connection to said device is made 
through a via hole formed in said single-crystal 
substrate, comprising the step of: 

forming said via hole by selectively etching 



the other major surface of said single-crystal 
substrate by using an etchant containing as its major 
component phosphoric acid or phosphoric acid and 
sulfuric acid heated to 150 through 450 ""C. 
[Claim 10] 

The manufacturing method of a semiconductor 
device according to claim 9 wherein an etching mask 
made of a first thin film of Cr, Ti or Ni and a second 
thin film of Pt, Pd or Au thereon is made on said other 
major surface of said single-crystal substrate, and 
said via hole is made by etching said other major 
surface of the single-crystal substrate using said 
etching mask. 

[Claim 11] 

The manufacturing method of a semiconductor 
device according to claim 9 wherein said other major 
surface of said single-crystal substrate is etched by 
immersing only said other major surface of said single- 
crystal substrate into said etchant. 
[Claim 12] 

The manufacturing method of a semiconductor 
device according to claim 9 wherein said single-crystal 
substrate is a sapphire substrate, spinel substrate, 
perovskite yttrium aluminate substrate or SiC 
substrate . 

[Claim 13] 

A manufacturing method of a semiconductor 



device having a single-crystal substrate made of a 
material different from nitride III-V compound 
semiconductors and 

a device made on one major surface of said 
5 single-crystal substrate by using III-V compound 

semiconductors, in which 

electrical connection to said device is made 
through a via hole formed in said single-crystal 
substrate, comprising the steps of: 

10 making a hole as deep as 10 pni or more but 

not reaching said one major surface of said substrate 
by selectively irradiating laser light having a 
wavelength not shorter than 6 \im onto the other major 
surface of said single-crystal substrate; and 

15 making said via hole by etching said other 

major surface of said single-crystal substrate by using 
an etchant containing as its major component phosphoric 
acid or phosphoric acid and sulfuric acid heated to 150 
through 450 °C so as to make said hole reach said one 

20 major surface. 

[Claim 14] 

The manufacturing method of a semiconductor 
device according to claim 13 wherein pulse laser light 
having the wavelength of 10.6 ^m from a CO2 laser is 
25 used as said laser light. 

[Claim 15] 

The manufacturing method of a semiconductor 
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device according to claim 13 wherein said single- 
crystal substrate is a sapphire substrate, spinel 
substrate, perovskite yttrium aluminate substrate or 
SiC substrate. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention belongs] 

This invention relates to a semiconductor 
device and its manufacturing method, and especially 
those using nitride III-V compound semiconductors such 
as gallium nitride (GaN) , 

[0002] 
[Prior Art] 

Nitride III-V compound semiconductors 
containing GaN as the major component are direct 
transitional semiconductors having forbidden band 
widths ranging from 1.9 eV to 6.2 eV and enabling 
realization of light emitting devices theoretically 
capable of emitting light over a wide range from the 
visible spectrum to the ultraviolet. For these 
properties, semiconductor light emitting devices using 
GaN semiconductors have been placed under active 
developments. Additionally, GaN semiconductors have a 
large possibility as material of electron mobility 
devices . Saturation electron velocity of GaN is 
approximately 2.0x10^ cm/s, which is larger than those 
of GaAs and SiC, and its breakdown electric field is as 



large as approximately 5x10^ V/cm next to the intensity 
of diamond. For these natures, GaN semiconductors have 
been expected to be greatly hopeful as materials of 
high-frequency, high-power semiconductor devices. 
[0003] 

For manufacturing transistor using such a GaN 
semiconductor, it is necessary to grow the GaN 
semiconductor by chemical vapor deposition (CVD) or 
molecular beam epitaxy (MBE), and a sapphire substrate 
is often used as the substrate therefor. However, 
although thermal conductivity of GaN at the room 
temperature is 1.3 W/cmK and larger than thermal 
conductivity 0.3 W/cmK of GaAs at the room 
temperature, thermal conductivity of sapphire at the 
room temperature is 0.4 W/cmK similarly to that of 
GaAs, and as small as approximately 1/12 when compared 
with thermal conductivity 4.9 W/cmK of SiC at the room 
temperature. Therefore, it has been pointed out that a 
GaN field effect transistor (FET) for a high output 
power made by growing a GaN semiconductor on a sapphire 
substrate was especially bad in heat dissipation during 
operation and was liable to deteriorate in 
characteristics ((1) Inst. Phys . Conf. Ser. No. 142, 
765 (1996)). Therefore, improvement of heat 
dissipation characteristics is indispensable to ensure 
a high output power of a GaN FET. On the other hand, 
for operating the GaN FET at a high frequency its 



source inductance has to be reduced. 
[0004] 

As basic technologies for realizing GaAs FETs 
for higher operative frequencies and higher output 
power relying reduction of the source inductance, there 
have conventionally been techniques for thinning a GaAs 
substrate, and techniques for making a via hole in a 
GaAs substrate and making electric connection to the 
source from the bottom surface of the substrate through 
the via hole. These techniques are summarized below 
{(2) Fundamentals of GaAs Field Effect Transistors, 
Denshi Joho Tsushin Gakkai, 1992, p. 207; (3) USP 
4,015,278; (4) Int . Electron Device Meet., Tech. Dig., 
676 (1981)). 
[0005] 

For thinning a GaAs substrate, first 
conducted primary lapping using a granular abrasive 
material of SiC or alumina. Then, by using abrasive 
grains of a grain size of 1 vun or less of CeOa, ZrOa, 
Cr02, or the like, the substrate is polished on a soft 
polisher such as synthetic resin or artificial leather 
to remove processing strain by lapping. As a result, 
the remainder depth of the processing strain is reduced 
to 10 \ira or less, but additional processing by wet 
etching may be applied- As to the via hole to be made 
in the GaAs substrate, since GaAs is readily dissolved 
by any of sulfuric acid/hydrogen peroxide solution or 
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alkali solution, wet etching using such solution as the 
etchant is essentially sufficient for making the via 
hole. However, since side etching becomes large with 
wet etching and it is difficult to control the shape of 
the via hole, reactive ion etching (RIE) or ion milling 
is used normally. When using RIE for making the via 
hole, an etching rate as high as 50 to 100 |im/hr can be 
obtained, and the via hole can be made easily, by using 
a mixed gas of CCI2F2 and He as the etching gas and 
using a silicon oxide (Si02) film or an organic resist 
film as the etching mask. Since GaAs substrates are 
readily processed either mechanically or chemically as 
mentioned above, high-frequency operation and high- 
power output of GaAs FETs have already been realized by 
thinning the substrate and making the via hole in the 
substrate . 

[0006] 

[Subject that the Invention is to solve] 

However, it is difficult to employ the 
technique successfully used in GaAs FETs for thinning 
the substrate and making the via hole in the substrate 
also for fabrication of GaN FETs. As referred to 
above, sapphire substrates are often used for 
manufacturing GaN FETs. Sapphire, however, is much 
harder than GaAs, and it is extremely difficult to 
reduce the thickness of the sapphire substrate by using 
the above -explained conventional lapping technology. 



If it is forcibly thinned by lapping, it will large 
curve due to a lapping strain to be concave on the 
major surface side where the device should be made, and 
it will finally break down. Also regarding the via 
hole to be made in the sapphire substrate, since 
sapphire is very stable in chemical property, wet 
etching cannot be used without any effective etchant . 
As to dry etching by RIE, since its etching rate is as 
very low as several lam/hr in maximum, and there is no 
etching mask having a selectivity acceptable for 
selective etching. Therefore, it is actually 
impossible to make the via hole with any of these 
methods. So, when making GaN FET on a sapphire 
substrate, it has been difficult to realize high- 
frequency operation and high-power output relying on 
thinning the substrate and making the via hole. 
[0007] 

The above-made discussion applies to the case 
where GaN FET is made on a sapphire substrate. 
However, the same problem also lies in the case where 
GaN FET is made on a SiC substrate which is very hard 
and chemically stable similarly to sapphire substrates. 
[0008] 

It is therefore an object of the invention to 
provide a semiconductor device which can be improved 
for high-frequency operation and/or high-power output 
by the use of a thinned substrate and/or a via hole in 
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the substrate even when a device using nitride III-V 
compound semiconductors is made on a single-crystal 
substrate such as sapphire substrate or SiC substrate, 
which is hard and chemically stable, and to provide a 
manufacturing method capable of easily manufacturing 
such a semiconductor device . 
[0009] 

[Means for Solving the Subject] 

The Inventor made researches, summarized 
below, toward overcoming the above -indicated problems 
involved in the conventional techniques . 
[0010] 

For thinning a sapphire substrate already 
having formed a device using GaN semiconductors , there 
are some problems to solve. One of the problems is to 
thin the substrate sufficiently, namely to a thickness 
around 100 pni, for example, decades of iim, in the 
process of thinning the sapphire substrate by using 
lapping or other method, without damaging the device on 
the surface of the substrate, while minimizing the 
processing strain and preventing warpage or breakage of 
the substrate. When using a sapphire substrate, unlike 
the case using a GaAs substrate, warpage causes 
difficulties in subsequent processes unless 
substantially all of the strain in the thinned 
substrate is removed finally. Another problem is to 
find out an optimum processing method for making the 



via hole in any desired location of the sapphire 
substrate. Use of molten coral sand around 900 °C and 
use of molten phosphoric acid around 400 °C are known 
as methods for wet etching of sapphire. The Inventor 
made reviews to estimate applicability of these methods 
as a technique for making the via hole in a sapphire 
substrate and also to find out possible materials 
usable as an etching mask in the technique. The 
Inventor further made researches to find out a new 
simple method for making the via hole without using the 
etching mask. 
[0011] 

When a substrate of a hard material such as 
sapphire substrate is used, diamond powder is a sole 
granular abrasive material acceptable for use in 
lapping. In general, thickness of the layer changed in 
quality or strained by lapping processing approximately 
amounts several times the grain size of the abrasive 
grains used there. Therefore, if the substrate should 
be thinned to a thickness around 20 nm, for example, 
since the thickness of the sapphire substrate before 
being thinned is usually about 400 pm, for thinning it, 
it is first processes by lapping, using an abrasive 
liquid containing diamond granular abrasive material 
with the grain size of 30 pm, for example. In this 
case, if it is further thinned, then the ratio of the 
strained layer relative to the remainder substrate will 



increase, and a large strain will invite warpage or 
breakage of the substrate. Then, by using a diamond 
granular abrasive material with a smaller grain size as 
large as 10 }im, for example, it is processed by lapping 
to a thickness around 100 pm, for example. As a 
result, the strained layer made by the preceding 
lapping can be removed. However, another strained 
layer of a thickness of decades of iim newly appears. 
Therefore, by next using an abrasive liquid containing 
a granular abrasive material with a grain size around 1 
jim, for example, it is processed by lapping or 
polishing to a thickness around 40 iim. 
[0012] 

In case of GaAs substrates, the strained 
layer produced by lapping has been fully removed 
conventionally by mechano- chemical polishing. More 
specifically, it has been known that the strained layer 
can be removed completely by polishing the substrate in 
hypochlorous acid solution containing micro soft 
grains. However, As to sapphire substrates, no 
polishing in such solution has been known. Then, 
consideration is made on using the following method. 
That is, an appropriate amount of sulfuric acid is 
added to phosphoric acid, and the temperature is held 
at 280 °C. This liquid has an etching rate around 10 
lim/hr for sapphire. High- temperature phosphoric acid 
has been known to have an etching function of sapphire 



(for example, (5) Ceramics Processing Handbook, 
Kensetsu Sangyo Chosakai (1987)). However, direct 
exposure of a device to such a high- temperature 
corrosive solution invites characteristic deterioration 
of the device and wiring. Therefore, there is the need 
for a countermeasure to ensure that phosphoric acid 
never touches the device side. For this purpose, a 
first effective measure is to bring only the bottom 
surface into contact with the liquid, and a second 
effective measure is to make a protective film on the 
device side. Effective as the protective film are a 
SiOz film made by CVD, oxide or nitride film such as 
SiN film having a resistance to phosphoric acid, and 
heat-resistant polyimide film, for example. 
[0013] 

For making the via hole, dry etching such as 
conventional RIE cannot be employed. Then, 
consideration is made on using the following method. 
That is, as shown in Fig. 1, for example, after growing 
a GaN semiconductor layer 2 with a thickness of several 
pm in total, for example, on the surface of a sapphire 
substrate 1, and a GaN FET 3 is formed on the GaN 
semiconductor layer 2. After that, a metal wiring and 
a pad for the GaN FET 3 are made. Reference numeral 4 
denotes a Au pad electrically connected to the source 
of the GaN FET 3. Thereafter, an inter -layer 
insulating film 5 such as SiOz film is formed on the 



GaN semiconductor layer 2 to cover the Au pad 4 . 
Subsequently, the sapphire substrate 1 is thinned to a 
thickness of 100 jim or less, for example to a thickness 
around decades of pm. After that, the bottom surface 
of the sapphire substrate 1 is covered locally at the 
location for the via hole by a multi- layered etching 
mask 6 made by stacking metal thin films. Used as the 
multi-layered film is, for example, a two-layered film 
stacking a thin film of a metal resistant to phosphoric 
acid, such as Pt , Au, Pd, or the like, on a thin film 
of a metal well adhesive to the sapphire substrate, 
such as Ni, Cr, Ti, or the like. On the other hand, a 
protective film of polyimide, for example, is formed on 
the surface of the inter-layer insulating film 5. 
Thereafter, the bottom surface side of the sapphire 
substrate 1 is immersed into an etchant of 
phosphoric/sulf uric acid solution held at approximately 
280 °C, for example, to etch it. In this case, since 
the etching rate is approximately 10 )im/hr, the etching 
time is adjusted depending upon the thickness of the 
sapphire substrate 1. In this manner, as shown in Fig. 
2 , the via hole 8 is made in the sapphire substrate 1 . 
Then, next using RIE, part of the GaN semiconductor 
layer 2 exposed at the bottom of the via hole 8 is 
removed by etching to expose the Au pad 4 there. In 
the process of etching the GaN semiconductor layer 2, 
if CI2 gas is used as the etching gas, since the 



etching rate is 5 to 10 \xm/hr and the ratio of the 
etching rate for Au is approximately 3 or more, a 
sufficient thickness of the Au pad 4 can be maintained 
even after etching the GaN semiconductor layer 2 to a 
slightly over-etching level, if the Au pad 4 originally 
has a thickness around 1 ]am or more. It may occur that 
the etching mask 6 on the bottom surface of the 
sapphire substrate 1 is removed while the GaN 
semiconductor layer 2 is etched by RIE. However, it is 
immaterial. 
[0014] 

After that, a metal film thicker than the 
sapphire substrate 1 is formed on the bottom surface of 
the sapphire substrate 1 to contact with the Au pad 
through the via hole 8. When making the metal film, 
after stacking, in sequence, Ni or Cr and Au on the 
bottom surface of the sapphire substrate 1 by vacuum 
evaporation, for example, a Au film with a sufficient 
thickness, for example, from decades of yua to hundreds 
of lam, is deposited on the metal layers by plating, for 
example. The thin, plate-like metal film made in this 
manner makes electric connection with the source of the 
GaN FET 3 and functions to radiate heat . 
[0015] 

On the other hand, as an alternative method 
for making the via hole in the sapphire substrate, 
there is a method using a pulse laser beam. That is. 



sapphire absorbs infrared rays with wavelengths longer 
than approximately 6 \im. Taking it into account, by 
irradiating a pulse laser beam from a CO2 laser with 
the wavelength of 10.6 pm, for example, to the sapphire 
substrate, it is locally heated to a very high 
temperature to cause ablation of sapphire. This is a 
technique brought into practical use for scribing 
alumina substrates. More specifically, by irradiating 
a single pulse of laser beam with the peak output of 
300 W, pulse width of 200 ps , and beam diameter of 
approximately 100 iim, for example, a hole of a depth 
around 200 |am can be made in the alumina substrate. 
Therefore, as shown in Fig. 3, for example, after 
making a hole with a depth around 50 \mi, for example, 
by irradiating a pulse laser beam 9 from a CO2 laser to 
a desired location on the bottom surface of the 
sapphire substrate 1 with a thickness around 200 ptm, by 
uniformly etching the location to the depth of about 
150 pm, for example, using an etchant of phosphoric 
acid/sulf uric acid solution heated to a high 
temperature, the via hole 8 as shown in Fig. 4 can be 
made. This method is a maskless process, and therefore 
needs much less steps. 
[0016] 

Here again explained are merits of thinning 
sapphire substrates. As shown in Fig. 5, thermal 
conductivity of sapphire is as small as approximately 



0.4 W/cmK at the room temperature and has a large 
negative gradient relative to temperature, that is, it 
becomes lower as the temperature rises. In the case 
where a device using GaN semiconductors on a sapphire 
substrate, heat from the device during operation moves 
to the sapphire substrate due to heat conduction. In 
case of a high-power device, heat is radiated through a 
heat sink typically made on the bottom surface of the 
substrate. However, the fact that heat conductivity of 
sapphire decreases with increase of temperature means 
that heat radiation becomes difficult as the 
temperature rises. Therefore, from the viewpoint of 
heat radiation, it is advantageous that the sapphire 
substrate supporting the device is as thin as possible, 
and it is preferable to thin the substrate to the limit 
within a range acceptable for mechanical strength. By 
thinning in this level, efficient heat radiation is 
ensured, and the increase in temperature can be 
alleviated. 
[0017] 

The above-made discussion applies to the case 
where a sapphire substrate is used. However, it is 
also applicable to the case where other single-crystal 
substrates like SiC substrate, for example, are used. 
The Invention has been made taking these researches by 
the Inventor into account . 
[0018] 
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That is, according to the first aspect of the 
invention, there is provided a manufacturing method of 
a semiconductor device, comprising the steps of: 

making a device using nitride III-V compound 
5 semiconductors on one major surface of a single-crystal 

substrate made of a material different from nitride 
III-V compound semiconductors; 

thinning the single-crystal substrate by 
processing the other major surface of the single- 
10 crystal substrate by lapping using an abrasive liquid 

containing an abrasive material of diamond abrasive 
grains and reducing the grain size of the abrasive 
material in plural steps; and 

removing a strained layer produced on the 
15 other major surface of the single-crystal substrate 

during the lapping by etching the other major surface 
of the single-crystal substrate after lapping by using 
an etchant containing phosphoric acid or phosphoric 
acid and sulfuric acid as its major component and 
20 heated to 150 through 450 °C. 

[0019] 

In the first aspect of the invention, the 
single-crystal substrate is thinned typically by 
lapping to a thickness not larger than 100 ]im, or a 
25 thickness not larger than decades of ym. In order to 

prevent any damage to the device upon etching for 
removing a strained layer by lapping, the surface of 
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the device made on one major surface of the single- 
crystal substrate is preferably covered by a protective 
film having a resistance to the etchant prior to the 
etching. Usable as the protective film are, for 
example, a silicon oxide (SiOx) film, silicon nitride 
(SiN) film are polyimide film. During the etching, it 
is preferable to immerse only the other major surface 
of the single-crystal substrate into the etchant. 
[0020] 

According to the second aspect of the 
invention, there is provided a semiconductor device 
having a single-crystal substrate made of a material 
different from nitride III-V compound semiconductors, 
and 

a device made on one major surface of the 
single-crystal substrate by using III-V compound 
semiconductors , comprising : 

electrical connection to the device being 
made through a via hole formed in the single -crystal 
substrate. 

[0021] 

According to the third aspect of the 
invention, there is provided a manufacturing method of 
a semiconductor device having a single-crystal 
substrate made of a material different from nitride 
III-V compound semiconductors and 

a device made on one major surface of the 
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single-crystal substrate by using III-V compound 
semiconductors, in which 

electrical connection to the device is made 
through a via hole formed in the single-crystal 
5 substrate, comprising the step of: 

forming the via hole by selectively etching 
the other major surface of the single-crystal substrate 
by using an etchant containing as its major component 
phosphoric acid or phosphoric acid and sulfuric acid 
10 heated to 150 through 450 °C. 

[0022] 

In the third aspect of the invention, an 
etching mask made of a first thin film of Cr, Ti or Ni 
and a second thin film of Pt , Pd or Au thereon is made 

15 on the other major surface of the single-crystal 

substrate, and the via hole is made by etching the 
single -crystal substrate, using the etching mask. 
During the etching, it is preferable to immerse only 
the other major surface of the single-crystal substrate 

20 into the etchant. 

[0023] 

According to the fourth aspect of the 
invention, there is provided a manufacturing method of 
a semiconductor device having a single-crystal 
25 substrate made of a material different from nitride 

III-V compound semiconductors and 

a device made on one major surface of the 
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single-crystal substrate by using III-V compound 
semiconductors, in which 

electrical connection to the device is made 
through a via hole formed in the single-crystal 
substrate, comprising the steps of: 

making a hole as deep as 10 lam or more but 
not reaching one major surface of the substrate by 
selectively irradiating laser light having a wavelength 
not shorter than 6 pm onto the other major surface of 
the single-crystal substrate; and 

making the via hole by etching the other 
major surface of the single-crystal substrate by using 
an etchant containing as its major component phosphoric 
acid or phosphoric acid and sulfuric acid heated to 150 
through 450 °C so as to make the hole reach the one 
major surface. 
[0024] 

In the fourth aspect of the invention, pulse 
laser light having the wavelength of 10.6 ym from a CO2 
laser, for example, is used as the laser light. 
[0025] 

In the invention, the single-crystal 
substrate is a sapphire substrate, spinel substrate, 
perovskite yttrium alminate (YAP) substrate or SiC 
substrate, for example. 
[0026] 

In the present invention, each nitride III-V 



compound semiconductor includes at least Ga and N, and 
may additionally include one or more group III elements 
selected from the group consisting of Al, In and B 
and/or one ore more group V elements selected from the 
5 group consisting of As and P. Some specific examples 

of nitride III-V compound semiconductors are GaN, 
AlGaN, GaInN and AlGaInN, 
[0027] 

According to the first aspect of the 

10 invention having the above -summarized construction, 

since the single-crystal substrate is thinned by 
lapping of the other major surface of the single- 
crystal substrate while reducing the grain size of the 
abrasive material in some steps, the single-crystal 

15 substrate can be thinned to a desired thickness without 

inviting warpage or breakage even if the single-crystal 
substrate is extremely hard such as sapphire substrate 
or SiC substrate, while minimizing a strained layer 
caused by lapping. Then, by etching the other major 

20 surface of the thinned single-crystal substrate by 

using an etchant containing as its major component 
phosphoric acid of phosphoric acid and sulfuric acid 
heated to 150 through 450 °C, the strained layer 
produced on the other major surface of the single- 

25 crystal substrate during lapping can be removed . 

[0028] 

According to the second aspect of the 
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invention having the above -summarized construction, 
since electrical connection to the device is made 
through the via hole made in the single-crystal 
substrate, if the device is FET, the source inductance 
5 can be reduced. 

[0029] 

According to the third aspect of the 
invention having the above -summarized construction, 
since the via hole is made by selectively etching the 

10 other major surface of the single-crystal substrate by 

using an etchant containing as its major component 
phosphoric acid or phosphoric acid and sulfuric acid 
heated to 150 through 450 °C, the via hole can be made 
easily in any desired location of the single-crystal 

15 substrate. 

[0030] 

According to the fourth aspect of the 
invention having the above- summarized construction, by 
selectively irradiating laser light having a wavelength 

20 of 6 pm or more onto the other major surface of the 

single-crystal substrate to make a hole as deep as 10 
lim and not reaching one major surface, and thereafter 
etching the other major surface of the single-crystal 
substrate by using an etchant containing as its major 

25 component phosphoric acid or phosphoric acid and 

sulfuric acid heated to 150 through 450 °C to make the 
hole reach one major surface of the substrate, the via 
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hole can be made easily by a maskless process in any 
desired location of the single-crystal substrate. 
[0031] 

[Embodiment of the Invention] 

Explained below are embodiments of the 
invention with reference to the drawings. In all of 
the drawings illustrating these embodiments, the same 
or equivalent components or elements are labeled with 
common reference numerals. 
[0032] 

Figs. 6 through 10 show a manufacturing 
method of a GaN FET according to the first embodiment 
of the invention. 
[0033] 

In the first embodiment, as shown in Fig. 6, 
a GaN semiconductor layer 22 is first grown on the 
surface of a sapphire substrate 21, and a GaN FET 23 is 
made on the GaN semiconductor layer 22. The sapphire 
substrate 21 is approximately 400 lam thick, for 
example, and the GaN semiconductor layer 22 is 
approximately 4 }im thick, for example. Next formed are 
a metal wiring and a pad for the GaN FET 23. Reference 
numeral 24 denotes a Au pad electrically connected to 
the source of the GaN FET 23. Thereafter, an inter- 
layer insulating film 2 5 such as Si02 film is formed on 
the GaN semiconductor layer 22 to cover the Au pad 24. 
Subsequently, a protective film 26 is made on the 



inter-layer insulating film 25. A heat-resistant 
polyimide film with the thickness of 10 \im, for 
example, is used as the protective film 26. After 
that, a Si substrate 27 is put on and bonded to the 
protective film 26. Thickness of the Si substrate 27 
is approximately 250 ]im, for example. The Si substrate 
27 is used to prevent warpage of the sapphire substrate 
21 after being thinned by lapping and to have the 
sapphire substrate 21 be handled easily. Thereafter, a 
lapping tool 29 is bonded onto the Si substrate 27 via 
wax 28. 

[0034] 

Subsequently, the sample is set on a palling 
platform in a lapping apparatus, not shown, and lapping 
of the bottom surface of the sapphire substrate 21 is 
executed in a abrasive liquid, which may be a water 
solution containing an abrasive material of diamond 
abrasive grains with the grain size of 20 to 40 iini- 
When thickness of the sapphire substrate 21 is reduced 
to approximately 200 vm, for example, by the lapping, 
the sample and the lapping platform are washed to 
remove the abrasive liquid. After that, lapping of the 
bottom surface of the sapphire substrate 21 is executed 
in an abrasive liquid, which may be a water solution 
containing an abrasive material of diamond abrasive 
grains with a grain size of 5 to 12 pm, for example. 
When thickness of the sapphire substrate 21 is reduced 
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to approximately 100 \m for example, by the lapping, 
the lapping process is finished. In this manner, the 
sapphire substrate 21 is thinned to approximately 100 
\xm, as shown in Fig. 7. After that, the sample is 
warmed on a hot plate (not shown), the lapping tool 29 
is detached, and the wax 28 is removed. 
[0035] 

Thereafter, the bottom surface of the 
sapphire substrate 21 thinned to approximately 100 \m 
in this manner is immersed into an etchant of 
phosphoric acid {H3PO4 ) /sulfuric acid (H2SO4) mixed 
liquid heated to 285 °C, for example, to etch it. This 
etching may be done in the following process. 
[0036] 

That is, as shown in Fig. 8, a Pt container 
31 in form of a Petri dish containing an etchant 32 of 
H3PO4/H2SO4 mixed liquid by H3PO4 : H2S04=1 : 1 is put on the 
hot plate 30. The etchant 32 is previously heated to 
an etching temperature by the hot late 30. Thereafter, 
held on the etchant 32 is a float cover 33 of a 
doughnut -shaped Pt plate having an outer diameter 
slightly smaller than the diameter of the Pt container 
31 and an inner diameter slightly smaller than the 
diameter of the sapphire substrate 21. At that time, 
the float cover 33 is held so that its upper surface be 
in the same level as the liquid surface of the etchant 
32. The float cover 33 is used to prevent evaporation 



of moisture from the etchant 32 of H3PO4/H2SO4 mixed 
liquid to thereby maintain composition of H3PO4 
constant , and also to ensure that only the bottom 
surface of the sapphire substrate 21 contacts the 
5 etchant 32. Then, the sapphire substrate 21 is put on 

the float cover 33 to align its outer circumferential 
with the inner circumferential edge of the float cover 
33. In this state, only the bottom surface of the 
sapphire substrate 21 contacts the etchant 32. As a 
10 result, only the bottom surface of the sapphire 

substrate 21 is etched, and a strained layer produced 
by lapping is removed. 
[0037] 

Next as shown in Fig. 9, after a resist 
15 pattern (not shown) having a shape corresponding to the 

via hole to be made is formed on a location of the 
bottom surface of the sapphire substrate 21 
corresponding to the Au pad 24, a Cr film with the 
thickness of 20 nm, for example, and a Pt film with the 
20 thickness of 0.1 11m, for example, are sequentially made 

thereon by vacuum evaporation, for example. After 
that, by lifting, the resist pattern is removed 
together with the Cr film and Pt film thereon. In this 
manner, an etching mask 34 made of the Cr/Pt film is 
25 obtained. Thereafter, using the etching mask 34, the 

bottom surface of the sapphire substrate 21 is immersed 
into the etchant of H3PO4/H2SO4 heated to 285 °C, for 
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example, similarly to the above -explained manner, for 
approximately 3 hours, for example, to selectively etch 
the sapphire substrate 21 until exposing the GaN 
semiconductor layer 22. As a result, a via hole 35 is 
made in the sapphire substrate 21. 
[0038] 

Thereafter, the sapphire substrate 21 is 
introduced into a RIE apparatus, not shown, and the GaN 
semiconductor layer 22 is selectively removed from the 
bottom side of the sapphire substrate 21 by etching, 
using CI2 gas, for example, as the etching gas, and 
using the sapphire substrate 21 as a mask. In this 
case, the etching rate may be approximately 10 iim/hr, 
for example. Then, if the thickness of the GaN 
semiconductor layer 22 is approximately 4 pm, the GaN 
semiconductor layer 22 can be removed by etching to 
expose the Au pad 24 in approximately 25 minutes - 
[00391 

Next as shown in Fig. 10, here again, by 
vacuum evaporation, for example, a 20 nm thick Cr film 
and a 5 pm thick Au film, for example, are sequentially 
stacked to form a Cr/Au film 36. Thereafter, a Au film 
37 having a thickness as sufficiently thick as 
approximately 100 }im, for example, is made on the Cr/Au 
film 36 by plating, for example. The, the protective 
film 26 of polyimide is removed by using an organic 
solvent . 



[0040] 

Through these steps, the GaN FET 23 is 
completed, which is made on the sapphire substrate 21 
thinned to approximately 100 pim and having the thick Au 
film 37 electrically connected from the substrate 
bottom side to the Au pad as the source pad through the 
via hole 35 formed in the sapphire substrate 21. 
[0041] 

As explained above, according to the first 
embodiment, after GaN FET 23 is made by growing the GaN 
semiconductor layer 22 on the surface of the sapphire 
substrate 1, the bottom surface of the sapphire 
substrate is removed by lapping to a thiclcness around 
200 pm as the first step by using the abrasive liquid 
of water solution containing diamond abrasive grains 
with the grain size of 20 to 40 lam, and it is removed 
by lapping to the thickness of 100 ]am as the second 
step by using the abrasive liquid of water solution 
containing diamond abrasive grains with the grains size 
of 5 to 12 pm. Therefore, the sapphire substrate 21 
can be thinned to a thickness around 100 yua, while 
preventing warpage or breakage of the sapphire 
substrate 21 by lapping and minimizing the strained 
layer produced by lapping. Additionally, since the 
bottom surface of the sapphire substrate 21 is etched 
after lapping by using the etchant of H3PO4/H2SO4 mixed 
liquid, the strained layer appearing on the bottom of 



the sapphire substrate 21 upon lapping can be removed 
completely. Then, since the thinned sapphire substrate 
21 permits heat to be radiated well to the Au film 37 
behaving as a heat sink, increase in temperature of the 
GaN FET 23 can be alleviated remarkably. As a result, 
increase of the gate leak and decrease of the carrier 
mobility can be prevented, and high-frequency 
characteristics of the GaN FET 23 can be maintained 
even under operation for high-power output. Moreover, 
since increase in temperature of the GaN FET 23 is 
greatly alleviated, the device prevents migration at 
the metal wiring and deterioration of the inter- layer 
insulating film 25, and its reliability is therefore 
improved. Furthermore, since the via hole 35 is made 
in the sapphire substrate 21 from its bottom surface to 
electrically connect the Au film 37 to the Au pad 24 
through the via hole 35, the source inductance is large 
reduced toward realization of high-frequency operation. 
For these reasons, the GaN FET 23 with a high 
frequency, high output power and high performance can 
be realized. Additionally, because of significant 
alleviation of increase in temperature of the GaN FET 
23, GaN FETs 23 can be densely integrated on the 
sapphire substrate 21, and it results in further 
increasing the output of the device. 
[0042] 

Next explained is a manufacturing method of a 



GaN FET according to the second embodiment of the 
invention . 

[0043] 

In the second embodiment, in the same manner 
as the first embodiment, the sapphire substrate 21 is 
first thinned to approximately 200 pm. 
[0044] 

Next as shown in Fig. 11, a pulse laser beam 
37 of the wavelength 10.6 \im from a CO2 laser, for 
example, is irradiated onto the bottom surface of the 
thinned sapphire substrate 21 to make a hole 38 having 
a warhead- like shape, for example, and not reaching the 
surface of the sapphire substrate 21. Used as the 
pulse laser beam 37 is one having the leading output of 
150 W, pulse width of 200 tis and the beam diameter of 
approximately 100 pm, foe example. By irradiating a 
single pulse of the pulse laser beam 39 to one point in 
the region of the Au pad 24, a hole 38 having a 
diameter around 100 ptm on the bottom surface of the 
sapphire substrate 21 and a depth around 100 pm can be 
made . 

[0045] 

Next using an etchant of H3PO4/H2SO4 mixed 
liquid, similarly to the above -explained method, the 
bottom surface of the sapphire substrate 21 is 
processed by maskless non-selective etching. As a 
result, thickness of the sapphire substrate 21 is 



reduced uniformly. For example, by etching of 10 
hours, the sapphire substrate 21 is removed from the 
location corresponding to the Au pad 24, and the via 
hole 35 is formed to expose the GaN semiconductor layer 
22 at the bottom thereof as shown in Fig. 12. At that 
time, the sapphire substrate 21 is etched not only in 
the depth direction but also in the lateral direction. 
As a result, diameter of the via hole 35 on the bottom 
surface of the sapphire substrate 21 becomes larger 
than the diameter of the hole 38 initially made. 
Therefore, by controlling the etching conditions, the 
diameter of the GaN semiconductor layer 22 circularly 
exposed at the bottom of the via hole 35 can be 
determined as desired. After that, in the same manner 
as already explained, the GaN semiconductor layer 22 
circularly exposed at the bottom of the via hole 35 is 
removed to expose the Au pad 24, and the Cr/Au film 36 
and the Au film 37 are made, to complete fabrication of 
the GaN FET 23. 
[0046] 

According to the second embodiment , similarly 
to the first embodiment, by thinning the sapphire 
substrate 21 and making the via hole 35 in the sapphire 
substrate 21, a high-frequency, high-output, high- 
perfoirmance GaN FET 23 can be realized. Additionally, 
according to the second embodiment , since the via hole 
35 can be made in the maskless process, it simplifies 
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the manufacturing process as an additional advantage. 
[0047] 

Having described specific preferred 
embodiments of the present invention with reference to 
the accompanying drawings, it is to be understood that 
the invention is not limited to those precise 
embodiments, and that various changes and modifications 
may be effected therein by one skilled in the art 
without departing from the scope or the spirit of the 
invention as defined in the appended claims. 
[0048] 

For example , numerical values , materials , 
structures and processes introduced in the first and 
second embodiments are not but examples, and any other 
appropriate numerical values , materials , structures and 
processes may be used. 
[0049] 

Although the first embodiment has been 
explained as bonding the surface side of the sapphire 
substrate 21 to the Si substrate 27 prior to lapping, 
the Si substrate 27 may be omitted where appropriate. 
[0050] 

[Effects of the Invention] 

As described above, according to the first 
aspect of the invention, when a device using nitride 
III-V compound semiconductors is made on a hard and 
chemically stable single-crystal substrate such as 



sapphire substrate or SiC substrate, its high-power 
output can be ensured by thinning the substrate, 
[0051] 

According to the second aspect of the 
invention, when a device using nitride III-V compound 
semiconductors is made on a hard and chemically stable 
single-crystal substrate such as sapphire substrate or 
SiC substrate, and particularly when the device is FET, 
by electric connection of the device through a via hole 
made in the single-crystal substrate, the source 
inductance can be decreased, and high-frequency 
operation is ensured. 
[0052] 

According to the third or fourth aspect of 
the invention, when malcing a device using nitride III-V 
compound semiconductors on a hard, chemically stable 
single-crystal substrate such as sapphire substrate or 
SiC substrate, and electrically connecting the device 
through a via hole made in the single-crystal 
substrate, the via hole can be made easily in the 
single-crystal substrate . 
[Brief Description of the Drawings] 
[Fig. 1] 

Cross -sectional view for explaining the 

invention . 

[Fig. 2] 

Cross -sectional view for explaining the 



invention . 

[Fig. 3] 

Cross-sectional view for explaining the 

invention. 

[Fig. 4] 

Cross -sectional view for explaining the 

invention . 

[Fig. 5] 

Schematic diagram showing dependency of heat 
conductivity of sapphire upon temperature. 
[Fig. 6] 

Cross -sectional view for explaining a 
manufacturing method of GaN FET according to the first 
embodiment of the invention. 
[Fig. 7] 

Cross -sectional view for explaining a 
manufacturing method of GaN FET according to the first 
embodiment of the invention. 
[Fig. 8] 

Cross -sectional view for explaining a 
manufacturing method of GaN FET according to the first 
embodiment of the invention. 
[Fig. 9] 

Cross -sectional view for explaining a 
manufacturing method of GaN FET according to the first 
embodiment of the invention. 
[Fig. 10] 



Cross -sectional view for explaining a 
manufacturing method of GaN FET according to the first 
embodiment of the invention. 
[Fig. 11] 

5 Cross -sectional view for explaining a 

manufacturing method of GaN FET according to the second 
embodiment of the invention. 
[Fig. 12] 

Cross -sectional view for explaining a 
10 manufacturing method of GaN FET according to the second 

embodiment of the invention 
[Description of Reference Numerals] 
1, 21 ... Sapphire substrate, 2, 22 ... GaN 
semiconductor layer, 4, 24 ... Au pad, 5, 25 ... Inter- 
15 layer insulating film, 6, 34 ... Etching mask, 7, 26 

... Protective film, 8, 35 ... Via hole, 9, 37 ... 
Pulse laser beam, 10, 38 ... Hole 
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[Title of Document] Abstract 
[Abstract] 

[Subject] 

To provide a semiconductor device and its 
manufacturing metliod ensure high-power output or high- 
frequency operation of the device by thinning the 
substrate or making a via hole in the substrate when a 
device using GaN semiconductors is made on a hard and 
chemically stable single-crystal substrate such as 
sapphire substrate or SiC substrate. 
[Solving Means] 

After malting a GaN FET 3 by growing GaN 
semiconductor layers 2 on the surface of a sapphire 
substrate 1, the bottom surface of the sapphire 
substrate 1 is processed by lapping, using an abrasive 
liquid containing a diamond granular abrasive material 
and reducing the grain size of the abrasive material in 
some steps, to reduce the thickness of the sapphire 
substrate 1 to 100 \mi or less. Thereafter, the bottom 
surface of the sapphire substrate 1 is processed by 
etching using an etchant of phosphoric acid or 
phosphoric acid/ sulfuric acid mixed liquid to remove a 
strained layer by lapping. Then, after making a via 
hole 8 by etching the bottom surface of the sapphire 
substrate 1 by using a similar etchant, the GaN 
semiconductor layer 3 at the bottom of the via hole 8 
is removed by RIE to expose a Au pad 4 electrically 
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connected to the source of GaN FET 3. Thereafter, a 
thick Au film electrically connected to the Au pad 4 is 
made through the via hole 8. The via hole 8 may be 
made by irradiation of a pulse laser beam from a CO2 
5 laser and subsequent etching. 

[Selected Drawing] Fig. 2 
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